Introduction
Anorexia nervosa (AN) is a frequent psychiatric disorder affecting young people, with a high rate of mortality and morbidity [1, 2] . In AN, chronic kidney disease (CKD) is not rare. More than 70% of patients with AN have had or will have a renal-related disease (acute renal failure, nephrolithiasis, edema or electrolyte disorders) [3] . Zipfel et al. [4] described a mortality rate of 16.7% and a rate of end-stage renal failure of 5.2% in 84 women with AN, over a mean follow-up of 21 years. CKD is a silent and frequently asymptomatic disease. For these reasons, estimation of the glomerular filtration rate (GFR) and detection of decreased kidney function are essential in this population. However, impairments in kidney function are often underestimated in AN. One of the explanations may be the lack of sensitivity of serum creatinine concentration to detect decreased kidney function in these patients because of their decreased muscle mass [5, 6] . The inability of serum creatinine to detect decreased kidney function in AN has already been reported [7] [8] [9] . We therefore considered the usefulness of cystatin C to detect
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Method
Between December 2002 and June 2006, we invited all anorexic patients hospitalized in the Metabolic Diseases Unit of our University Hospital to be included in the study. All patients gave their agreement to participate, and the study was approved by the ethics board of our hospital. Diagnostic criteria of AN were: refusal to maintain body weight above a minimal normal weight for age and height, intense fear of gaining weight, denial of the seriousness of current low body weight and amenorrhea. These criteria are adapted from the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM IV) [1] . The patients included may be considered as having severe AN because they needed hospitalization, and the majority required artificial refeeding. Additional inclusion criteria were applied, including: body mass index (BMI) below 18, and that the condition is not explainable by another disease (cancer, infection, etc.). As cystatin C concentrations may be influenced by steroids, we excluded patients treated by these drugs [12] . The reference method for GFR measurement was based on the plasma clearance, after a single injection bolus, of a glomerular tracer [chromium-51-ethylenediaminetetraacetate ( 51 Cr-EDTA)]. We used the 2-samples method at 120 and 240 min and the slope-intercept method as described by BrochnerMortensen [13] . All GFR were measured within the first week of hospitalization by an experienced physician. The coefficient of variation typically observed for the GFR measurement with plasma clearance of 51 Cr-EDTA was as low as 4% for patients with GFR over 30 ml/min/1.73 m 2 and 11% for those with a GFR below 30 ml/min/1.73 m 2 . This includes the biological variation of the GFR [14] . In our institution, the reproducibility of the isotopic measurement is fairly similar ( 8 7% in healthy subjects, personal data). All the measurements were performed in fasting condition, from 08: 00 to 12: 00 in the morning and by the same experienced nurses. Total body irradiation with this technique was very low (0.011 mSv) when doses were adapted to weight.
When a metabolic measurement is performed in populations with huge differences in body size such as AN (or in severe obesity), the question arises whether the measured parameter should be normalized or not for body weight or for body surface area (BSA) [15] . The GFR values were not indexed for BSA, as that indexing has been shown to be unnecessary for patients with an unusual body size [16, 17] . Serum creatinine was measured with the kinetic rate-blanked compensated creatinine Jaffé method on Modular (Roche Diagnostics) [18] . Plasma cystatin C was measured by a particle-enhanced nephelometric immunoassay (Dade Behring) [10, 19] . A value of cystatin C below 1 mg/l is normal in the general population [20] . Both serum creatinine and plasma cystatin C were measured on the same day as GFR measurement at 08: 00 in the morning in our laboratory under the supervision of an experienced clinical chemist.
Data were expressed as medians (percentile 25 to percentile 75). The plasma markers used to detect decreased kidney function were compared by correlation analysis (between GFR and the inverse of creatinine or cystatin) and the receiver operating characteristic curves (ROC curves) methods. The area under the curves was calculated to detect a stage 3 CKD defined as a GFR below 60 ml/min [21] . Statistics were performed using MedCalc (MedCalc Software). A p value of ! 0.05 was considered as statistically significant.
Results
GFR was systematically measured in 27 patients. No patient refused to participate in the study; 25 were women and only 2 were men, as expected in AN. Anthropometric, clinical and biological data are summarized in the table 1 . As expected, the population was young (30 8 13 years old) and very thin (mean weight: 42 8 7 kg, mean BMI: 15 8 2). All patients had a BMI under 18. As most patients with AN are young, we found no significant correlation between GFR and age (r = -0.03). Mean measured GFR was 68 8 23 ml/min. Nine patients (33%) had a GFR under 60 ml/min (stage 3 of CKD), and 16 (59%) had a GFR between 60 and 90 ml/min (stage 2) [21] . One patient with insulin-treated diabetes had a measured GFR of 134 ml/min, and might be considered as hyperfiltering.
The coefficient of correlation between measured GFR and the reciprocal of creatinine was not significant (r = 0.34). The correlation between the reciprocal of cystatin C and GFR was stronger (r = 0.62, p ! 0.001; fig. 1 ). To detect a GFR below 60 ml/min, the area under the curve was 0.61 for creatinine and 0.86 for cystatin C. This difference was at the limit of significance (p = 0.05; fig. 2 ). The creatinine value that gave the best sensitivity-speci- ficity was 0.81 mg/dl (sensitivity 56%, specificity 78%). For cystatin C, the value was 0.95 mg/l (sensitivity 67%, specificity 100%).
Discussion
AN-associated renal disorders are frequent and varied [3, 9, 22] . Acute renal failure, renal stones, chronic hypokalemia and impaired osmoregulation are classical syndromes in AN [3, 9, 23 ] . The precise pathophysiology of decreased kidney function in AN remains largely unknown, but interstitial nephritis linked to chronic hypokalemia may have a role [24, 25] . CKD is not rare, as up to 5% of AN patients will develop end-stage renal failure after 20 years of AN [4] . These statistics are not trivial because AN affects young people who are generally not at all at risk of developing CKD. For example, in our population, 33% of the patients have GFR under 60 ml/min. Moreover, problems linked to CKD in AN are probably underestimated by physicians because classical tests to detect CKD may not be sensitive enough [5] [6] [7] [8] . We have confirmed this in our population. Creatinine is not correlated to GFR, and the ROC curve shows a very poor area under the curve (0.61) for detecting GFR under 60 ml/min. This is due to the decreased muscle mass of subjects with AN, and the strong relationship between serum creatinine concentration and muscle mass [7] . Cystatin C is a new plasma marker of renal function [10] . This cysteine protease inhibitor of 13.3 kDa is constantly produced by all nucleated cells of the body, is freely filtrated through the glomeruli and is neither reabsorbed nor secreted by the tubules [26, 27] . It is fully catabolized in the proximal tubules [28] . Cystatin C has been shown to be a useful marker of GFR in several, but not all, studies of the early detection of decreased kidney function [10, 29] . It has been advocated as a marker of GFR, whose concentration is totally independent of body weight and lean body mass [11] . The advantages of this new marker over the classic serum creatinine in AN are thus theoretically high. Indeed, for the first time in the specific population of AN, we have confirmed that cystatin C is better than creatinine for the detection of decreased kidney function defined as a GFR ! 60 ml/min. The correlation between cystatin C and GFR is strong, whereas it was absent between creatinine and GFR. Moreover, the area under the curve is statistically better for cystatin C than for creatinine in detecting stage 3 CKD. Our data confirm preliminary results of studies with other populations with decreased muscle mass, such as cirrhotic patients, intensive care patients and patients with a spinal cord injury [30] [31] [32] [33] [34] .
There are some limitations to our study. First of all, our sample may be considered as relatively small. Nevertheless, our population is clinically homogeneous and highly representative of severe AN patients requiring hospitalization. Furthermore, the GFR range of our population is also large (13-134 ml/min). Second, we have not indexed our GFR results for BSA, although most other studies did. We have thus defined CKD as a GFR less than 60 ml/min, rather than 60 ml/min/1.73 m 2 . Indeed, we have shown in a recent review of literature that the indexation of GFR for BSA is physiologically questionable, but has little consequences in 'normal' weight populations. Furthermore, such an indexation would have severe consequences on the final GFR in obese or AN populations. In our study, the mean absolute GFR was 68 8 23 ml/ min, although the mean indexed GFR was 80 8 27 ml/ min/1.73 m 2 . This rise in GFR after BSA indexation is an artifact calculation. This can be proved by reductio ad absurdum. Using indexed GFR, the sensitivity of the serum creatinine to detect 60 ml/min/1.73 m 2 will be 75%. The sensitivity of serum creatinine to detect kidney disease will be the same or even better in the AN population than in the general population. Due to the decreased muscular mass in AN population, this last assertion is certainly not true. Third, dysthyroidism is suspected to interfere with cystatin C concentrations, independently of any change in GFR [35, 36] . Hypothyroidism is a known complication of AN and malnourished patients, specifically the low T3 syndrome [37] . However, hypothyroidism reduces cystatin C levels, and thus potential hypothyroidism in our patients would also reduce the sensitivity of cystatin C to detect CKD. Even if this potential limitation had occurred in our study, cystatin C would still be better than creatinine for stage 3 CKD detection. Fourth, we cannot exclude the possibility that some patients had acute kidney injury, as our study was carried in the beginning of the hospitalization. To study the utility of cystatin C versus creatinine in the subgroup of acute kidney failure, and the influence on this marker of increasing or decreasing weight, a longitudinal study on a larger sample of patients would certainly be of interest. The last limitation of this study is the lack of data regard- ing urine albumin and urinalysis. Albuminuria is a part of the definition of stage 1 of CKD. Nevertheless, in AN, absence of albuminuria does not exclude kidney disease because kidney disease is often linked to prerenal factors (with no or low albuminuria) and/or tubular dysfunction linked to chronic hypokalemia. Then, there may be no albuminuria, but elevated urinary markers of tubular injury, like ␤ 2 -microglobulin.
In summary, cystatin C seems superior to creatinine for the detection of decreased kidney function in a population of patients with severe AN. This fact should be confirmed in a larger population. Moreover, the better sensitivity of cystatin C to detect CKD does not mean that cystatin-C-based equations accurately estimate GFR in this very specific population. This point remains to be studied separately.
